regulate the secretion of neurotrophins (Blö chl and
. As for the caffeine responses described above, the elementary events induced by bracan only be achieved at places where the ER and plasma membrane are in close proximity. Such close apposition dykinin were highly localized and often occurred repetitively (Figure 1Bc ). Furthermore, repeated application of the two membranes has been described for several neuronal types (reviewed by Berridge, 1998 Figure 1Bb ). These data indicate that the most sensitive RyRs and InsP 3 Rs, which are nals in the majority of cells (Ͼ90%, n ϭ 150) ( Figure 1A Figure 1Ad) , while others showed a lower of a PC12 cell that was sequentially stimulated with low concentrations of caffeine or bradykinin (the cell was activity (e.g., traces 2 and 3 in Figure 1Ad ). Repeated application of caffeine triggered elementary Ca 2ϩ signals quiescent before stimulation; data not shown). Several locations responded to the agonists, and two distinct at the same locations (see below). Figure 2C show that the scan analysis of the caffeine-sensitive neurite revealed two release sites that produced repetitive elementary elementary Ca 2ϩ release events evoked by the two stimuli did not differ significantly in amplitude, time-to-peak, events (Figures 2Aa and 2Ab) . Interestingly, the upper trace in Figure 2Ab shows that one site produced two or time constant for their decay (Figures 2Ca-2Cc) . The caffeine-and bradykinin-evoked events did, however, temporally distinct elementary Ca 2ϩ signals, while the other site produced a flurry of events in quick successignificantly differ in their lateral spreading (Figure 2Cd ). sion. A surface plot of the neurite at the peak of the caffeine-evoked elementary event (Figure 2Ac) (Figure 2Bc ). In addition to triggering the early elementary events, the bradykinin do this, the distance from the midpoint of elementary Ca 2ϩ release sites to the most prominent neuritic strucstimulus eventually triggered a larger regenerative Ca 2ϩ signal that spread throughout the neurite (Figures 2Ba tures, the branch points, was measured ( Figure 3A ). For both caffeine-and bradykinin-evoked elementary and 2Bb). However, even though this regenerative signal had substantially higher amplitude and persisted much events, more than 50% of all sites were found in close proximity ‫4ف(‬ m) of the branch points. Since the lateral longer than the bradykinin-evoked elementary Ca 2ϩ signals, it still remained localized and failed to spread bespread of the elementary events is between ‫5ف‬ and 7 m (Figure 2Cd ), the majority of branch points are well yond the branch point into adjacent neurites (data not shown).
within the diffusion range of elementary Ca 2ϩ release counted only once to avoid bias from particularly active Approximately 45% of the sites were solely responsive to caffeine (type 2) or bradykinin (types 4 and 5), with sites). As illustrated in Figure 4C , caffeine-evoked elementary Ca 2ϩ release sites were completely suppressed the remainder being responsive to both agonists (types 1 and 3). All sites that responded to caffeine alone (type by the ryanodine treatment. In addition, the number of Ca 2ϩ release sites at which bradykinin-dependent sig-2) and most of the sites that displayed both caffeine-and bradykinin-evoked responses (type 1) were completely nals could be evoked was reduced by ‫.%57ف‬ In controls without ryanodine treatment, we found that caffeinesuppressed by ryanodine. Interestingly, a small proportion of sites that responded to bradykinin alone were and bradykinin-evoked elementary Ca 2ϩ release signals could be restimulated at the same site with a high probaalso inhibited by ryanodine (type 5). Although the abolition of caffeine responses by ryanodine was predictable, bility (caffeine, 83%; bradykinin, 92%; data not shown). Therefore, the failure to observe elementary Ca 2ϩ signals the inhibition of bradykinin-sensitive release sites was surprising. These data indicate that there is a complex following ryanodine treatment, as illustrated in Figure  4C (Figures 6Bc-6Be) . Interestingly, none of the Ca 2ϩ siglease events was chosen for analysis ( Figure 6 ). Prior to depolarization, caffeine evoked only a few uncoupled nals in this neurite propagated into adjacent neurites (e.g., trace 4 in Figures 6A and 6B) , showing the inability low-amplitude elementary Ca 2ϩ signals (traces 1, 2, and 3 in Figure 6Aa) . One of the sites was found to be the of Ca 2ϩ signals to easily pass branch points, as described earlier (Figure 3) . Reapplication of caffeine 10 most active, displaying a slowly rising Ca 2ϩ signal (trace 1 in Figure 6Aa ) that was actually composed of multiple min later, i.e., when the ER Ca 2ϩ load would have been (Figures 1 and 2) , while stronger stimustores. In this case, it is plausible that the Ca 2ϩ stores lation entrains all Ca 2ϩ release sites, causing them to of neurons in situ would be even more responsive, and summate into a global signal (Figures 1A and 2B release mechanisms has to be considered on both the global and elementary levels.
